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Description 

BACKGROUND 

5 The invention relates to ordering groups of text in an image. 

Paper documents can be scanned and stored as images in a computer. Text recognition techniques, such as 
optical character recognition (OCR), can then be used to convert text in these images to a computer-editable format, 
such as ASCII characters. Scanned images can contain text organized in multiple, distinct blocks (e.g., multiple columns 
of text, headlines, captions, footnotes, footers). The text blocks may further be separated by relatively large areas of 

10 blank space and graphical objects (lines, pictures, and so forth). Text can also be surrounded by a frame or contain 
insets, which further separate the text into blocks. Although a person reading the page may be able to recognize the 
proper order of the text blocks in the image, it may be difficult for an OCR program to identify the text (by discarding 
the non-text components such as blank spaces and graphical objects) and then group the text into the proper reading 
order. 

15 

SUMMARY 

In general, in one aspect, the invention features a computer-implemented method of ordering text in an image 
stored in a computer. Text is grouped in multiple regions. The text regions are represented as a graph having vertices 
20 and edges. An optimal Hamiltonian path through the vertices is calculated, and the text regions are ordered according 
to the calculated optimal Hamiltonian path. 

Implementations of the invention may include one or more of the following features. The representing step includes 
defining each group of text as a vertex in a graph, defining edges between the vertices, and assigning weights to the 
edges. Directed pairs of edges are defined between any two vertices. An optimal Hamiltonian path through the vertices 
25 is calculated based on the assigned edge weights according by solving for a traveling salesman problem. The weights 
assigned the edges between the vertices are based on the distance between any two text regions, the text character- 
istics of the corresponding text regions, and the existence of non-text separators between text region pairs. 

In general, in another aspect, the invention features a program residing on a computer-readable medium for or- 
dering text in an image stored in a computer. The program includes instructions for causing the computer to group the 
30 text in multiple regions and to represent the text regions as a graph having vertices and edges. The text regions are 
ordered according to a calculated optimal Hamiltonian path through the vertices. 

In general, in another aspect, the invention features an apparatus for recognizing text in an image that includes a 
storage medium to store the image and a processor operatively coupled to the storage medium. The processor is 
configured to group the text in multiple regions and to represent the text regions as a graph having vertices and edges. 
35 Further, the text regions are ordered according to a calculated optimal Hamiltonian path through the vertices. 

The invention has one or more of the following advantages. The proper order of multiple, distinct blocks of text in 
a captured image can be determined reliably by a text capture program. 

Other features and advantages of the invention will become apparent from the following description and from the 
claims. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a flow diagram of a text capturing and ordering program in accordance with the present invention. 

Fig. 2a is a diagram of text in an image separated into blocks. 
45 Fig. 2b is a diagram of vertices representing the text blocks of Fig. 2a. 

Fig. 3 is a graph containing the vertices corresponding to the text blocks of Fig. 2a along with oriented pairs of 
edges adjacent any two vertices. 

Fig. 4 is a diagram of an optimal Hamiltonian path through the vertices in the graph of Fig. 3. 

Fig. 5 is a diagram of a text block. 
50 Fig. 6 is a flow diagram of a process for separating a page into independent parts. 

Figs. 7, 8, and 9 are diagrams of text blocks in page parts. 

Fig. 1 0 is a block diagram of a computer system. 

DETAILED DESCRIPTION 

55 

Referring to Fig. 1 , a computer implemented text capturing program is described that can reliably identify the proper 
order of text grouped into multiple, distinct blocks in an image. The program first captures and stores an image (step 
102). Next, the program identifies the text blocks in the page based on conventional page layout analyses (step 104). 
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For example, the image can be represented as density histograms, with very dense regions indicating non-text objects, 
such as graphical objects, and very sparse regions indicating gaps. Alternatively, the identification of text blocks can 
also be based on such factors as the proximity of the text blocks to each other, font size, and the existence of space 
separators and blocks of graphical objects. Thus, for example, although text characters in a page may be horizontally 

5 aligned, they may be separated by a wide gap, indicating that the characters are located in two different columns. In 
addition, the section heading for the page of text may have a different, larger font than the remaining text. The text 
characters may also be separated by graphical objects interspersed throughout the page. 

After the text blocks have been identified in the image, the program separates the text blocks into independent 
subsets or parts of the page, if possible (step 106). Many pages can be divided into smaller parts that are divided by 

10 certain types of separators. These independent parts can be processed separately by the program, thereby reducing 
the complexity of finding the order of the text blocks in a page. Steps 108-116 in Fig. 1 are performed separately for 
each identified independent part of the page. 

To further reduce the complexity of finding the order of the text blocks in each part of the page, the program next 
combines text blocks where possible (step 1 08). Often there is only one way to order two or more text blocks. In such 

15 cases : the blocks can be combined into a new single text region. 

In the exemplary part 200 of a page in Fig. 2a, the darkened boxes 202 and 204 correspond to non-text objects, 
such as graphical objects. Further, a vertical divider line 206 separates text. In this image, the identified text blocks 
are labeled as text blocks 1-8. In each page part, the program then designates each text region (a region can be one 
text block or a group of combined text blocks) as a vertex of a graph (step 110). In Fig. 2a, text blocks 1 and 2 can be 

20 combined into one text region 12 and text blocks 6 and 7 can be combined into one text region 67. Thus, in Fig. 2b, 
vertices V 12 , V 3: V 4 , V 5 , V 67 , and V 8 are designated for the text regions in Fig. 2a. The positions of the vertices are not 
necessarily geometrically related to the locations of the text blocks 1-8 in the image 200. 

Next, the program defines directed edges (Vj, Vj) and (Vj ; V,) for each pair of vertices V, and Vj (step 112). A pair 
of directed or oriented edges is defined between any two vertices because of the possibility that, as between any two 

25 text regions, one text region may come before the other text region. The vertices V 12 , V 3 , V 4 , V 5 , V 67 , and V 8 along 
with the directed edges between each of the vertices define a directed or oriented graph G, as shown in Fig. 3. 

The relationships between the vertices V are then defined (step 1 1 4) by assigning edge lengths (or weights) to the 
directed edges (Vj, Vj) and (Vj, Vj), based on a number of factors. These factors include the distance between any two 
text blocks, the characteristics (e.g., number of lines, font size, spacing) of two text blocks, and the existence of sep- 

30 arators (such as empty space or other non-text objects) between the text block pairs. The edge lengths are based on 
the likelihood that one vertex Vj comes before its adjacent vertex Vj. The higher the likelihood that text region i comes 
before text region j, the smaller the weight of edge (Vj, Vj), and vice versa. 

Thus, for example, in Fig. 3, the weight assigned to the edge (V 12 , V 3 ) is much smaller than the weight assigned 
the edge (V 3 , V 12 ) because it is much more likely that text region 12 comes before text region 3. 

35 Next, using the weights determined for the edges of the graph, the program finds an optimal Hamiltonian path 

through the vertices V 12 , V 3 , V 4 , V 5 , V 67 , V 8 by using brute force (for small graphs) or conventional heuristic or approx- 
imate methods that solve a traveling salesman problem (step 116). An identified optimal Hamiltonian path is shown in 
Fig. 4, with the path starting at V 12 and continuing to vertices V 3 , V 4 , V 5 , V 67 , and V 8 successively. Next, the program 
combines the partial orders found for the corresponding parts of the page into a final order % (step 118). 

40 The following mathematical model is defined to perform the text ordering process. Referring to Fig. 5, for a text 

region A with coordinates (T,B,LR) in a two-dimensional X-Y space, let 



45 



Top (A) 
Bot(A) 
Lft(A) 

Rgt(A) 



■ T, 
= B, 
- L, 
---- R, 



(Eq. 1) 



50 



55 



and 



CntrX(A) = (L ■+ R)/2, fECT 
CntrY(A) =- (T + B)/2, ( q " ' 



where L and R are on the X axis and T and B are on the Y axis. The distance between any two text regions A1 and 
A2 is defined as 
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\A1,A2\ = \CntrX{Al) - CntrX(A2) \ + _ 
\Cntx7{Al) - CntzY(A2) | (Eq ' 3) 

5 

For each pair of text regions Ai, Aj, a precedence function f(Ai,Aj) is constructed so that, the more likely Ai precedes 
Aj, the smaller is the value of f (Ai, Aj). For K text regions, the precedence functions f(Ai,Aj), i=1-K, j=1-K, h*j, are cal- 
culated, which are used to calculate the edge lengths or weights between vertices. 

However, before the precedence functions f(Aj,Aj) are constructed, the complexity of the problem is reduced (1) 
10 by separating the page into different parts; and (2) by combining text blocks into regions, where possible. 

Referring to Fig. 6, the step 106 of splitting the page into multiple parts is described. A page can be split into 
independent parts by applying the following recursive algorithm. The program creates a set SP of page parts Pj and 
initiates it by defining the whole page as the element of the set SP (step 300). For each element in SP, the program 
looks for a splitting separator going through the existing element (step 302), where a splitting separator may be defined 
75 as any non-text region except a thin vertical line, which might be a column separator. If no splitting separator is found 
(step 304), the process is stopped. If a splitting separator is found, the current element is divided into 2 new sub- 
elements by splitting it along the selected separator (step 306). The current element is replaced by two new sub- 
elements and steps 302-306 are repeated. The sub-elements form the parts Pj of the page. Thus SP = {Pi,P2i—»P n }i 
and the text ordering process is performed independently on each part Pj, with the results for each part combined at 
20 the end to determine the final order %. 

To reduce the complexity in each page part, two or more text blocks or regions can be combined (step 108) if they 
are "horizontally connected" or "vertically connected." Two text regions A1, A2 are called horizontally connected (see 
Fig. 7) if the following conditions are true: 

25 (1) A1 and A2 are horizontally aligned, that is, 

max(Top(A1),Top(A2))<min(CntrY(A1),CntrY(A2)), 
and 

min(Bot(A1 ),Bot(A2))>max(CntrY(A1 ),CntrY(A2)); 
(2) no other region overlaps a common bounding box of A1 and A2; 
30 (3) A1 and A2 are blocked at the top, which means there are no regions above A1 and A2 or the nearest region 

A3 above A1 and A2 is a blocking region, that is, 

Lft(A3)<min(Lft(A1),l_ft(A2)), and 
Rgt(A3)>max(Rgt(A1), Rgt(A2)); and 

35 

(4) A1 and A2 are blocked at the bottom, that is, there are no regions below A1 and A2 or the nearest region A3 
below A2 and A2 is a blocking region. 

If the regions A1 , A2 are horizontally connected, their partial order is from the left to the right (from A1 to A2 in Fig. 7). 
40 Two text regions A1 , A2 are vertically connected (see Fig. 8), if the following conditions are true: 

(1) A1 and A2 are vertically aligned; that is, 

max(Lft(A1),Lft(A2))<min(CntrX(A1),CntrX(A2)) 

, and 

45 min(Rgt(A1 ),Rgt(A2))>max(CntrX(A1 ),CntrX(A2)); 

(2) no other region overlaps their common bounding box; 

(3) A1 and A2 are blocked at the left, that is, there are no regions at the left or the nearest region A3 at the left is 
a blocking region, that is, 

50 Top(A3)<min(Top(A1 ),Top(A2)), and 

Bot(A3)>max(Bot(A1),Bot(A2)); and 

(4) A1 and A2 are blocked at the right; that is ; there are no regions at the right or the nearest region A3 at the right 
is a blocking region. 

55 

If the regions A1 , A2 are vertically connected, their partial order is from the top to the bottom (from A1 to A2 in Fig. 8). 
If a pair of (horizontally or vertically) connected regions A1 , A2 is found, the regions are combined into single text 
region A1 2. The bounding box of the new region is the smallest rectangle covering both A1 and A2 so that 
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Top(A) 
Lft [A) 

RgtiA) 

Bot [A) 



mm ( Top(Al) , Too(A2) 
min (Lf t {Al) , Lft(A2) ) 
max (Rgt (Al) ,Rft(A2) ) 
max(Bot(AZ) ,Bot(A2) ) 



and 



{Eq. 4) 



Other parameters (such as font size and spacing) for the combined region could be transferred from the bigger of 
regions A1 , A2. 

The combining process can be repeated until no more connected regions are found. 

In some cases, the order of the text regions in a page part can be identified just by consecutively combining 
connected text regions. For example, in the page layout shown in Fig. 9, the solution could be found by combining the 
text regions as follows: 

combine A5 and A6 into A56; 
combine A56 and A7 into A567; 
combine A2 and A567 into A2567; 
combine A2567 and A8 into A25678; 
combine A1 and A25678 into A1 25678; 
combine A1 25678 and A3 into A1 256783; 
combine A1 256783 and A4 into A1 2567834; 

The resultant order of the uncombined text blocks is then A1 , A2, A5, A6, A7, A8, A3, and A4. 

After all connected text regions are combined, if more than one text region remains in a page part, the order of 
the regions is determined by solving for the optimal Hamiltonian path of a graph G containing vertices V representing 
the uncombined text regions. 

For K text regions, this is accomplished by first constructing precedence functions f(Ai, Aj), i^j, i = 1 -K. j = 1 -K, for 
all the text regions. The precedence functions are used to assign lengths or weights to edges between vertices Vj 
and Vj. 

The precedence function is defined as 



where K bc evaluates the relative locations of the two text regions Ai and Aj; K dif evaluates the similarity (in number of 
lines, font size, and spacing) of text regions; and K sep reflects the contribution to the function f due to the existence of 
a non-text separating region, if any ; between Ai and Aj. How K bc , K dif; and K seq are derived is described below. 

A graph G associated with a page part is defined as follows: G is a directed graph with K vertices V-,, V 2 , V k ; 
each pair of vertices V j; V j; i^j is connected by a directed edge E^; a non-negative number W(Ejj) (referred to as the 
weight or length of the edge Eij) is assigned to each edge E^: 



where f is the precedence function defined by Eq. 5. 

For a given order % (which is a permutation of numbers 1 , 2, k), a Hamiltonian path P(n) in the graph G is an 
ordered set of vertices 



f(Ai,Aj) = K loc (Ai,Aj) 
+ K dl AAi,Aj) 
+ K $e (Ai,Aj) , 



(Eq. 5) 



W(E.) = f(Ai,Aj), 



(Eq. 6) 



P{n) = {Vn{\), V%(2),...,Vn(k)}. 



(Eq. 7) 



The length of the path P(n) is defined as 
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L(n) = W{ En (1) 7i (2) ) 

: *<**<2> O)) {Eq , 8) 

+ w\etl (k-1) 7c (k) ) . 
The shortest Hamiltonian path is a Hamiltonian path with the minimal value L(7c). 

Each Hamiltonian path P(n) in the associated graph G defines an order of text regions in the corresponding page 
part. As it follows from the definition of the precedence function f, the shorter the Hamiltonian path P(n), the greater 
10 the likelihood that n is the proper logical order of text regions. Therefore, the shortest Hamiltonian path P(k) in the 
graph G provides the solution for finding the order n of text blocks in a page part. 

To find the shortest Hamiltonian path, the standard method of reducing it to the traveling salesman problem can 
be used. First, an additional vertex V 0 is added to the graph G, with the vertex V 0 connected to each vertex Vj by edges 
E 0 j and Ej 0 . The length of each edge E 0 j and Ej 0 is 0, i.e., W(E 0 j) =W (Ej 0 ) =0. Next, a shortest ordered cycle C in the 
15 graph G is calculated by applying a standard algorithm for solving traveling salesman problems. The shortest Hamil- 
tonian path is then extracted from the cycle C by removing the additional vertex V 0 from the cycle. 

Once the logical orders Ttj for independent parts P v P k in the page have been identified, the paths n\, j=1-n, 
are concatenated: 



20 



% = {7i1 ,n2,...,%n] Eq. 9 



Since the parts P are independent, it does not matter how the orders n are concatenated. However, an alternative 
is to sort the parts P in increasing order of y and then x where (x,y) is the top, left corner of each page part. 
25 in the concatenated order %, combined text blocks in text regions are separated out and placed in proper order in 

a final order %'. Thus, for example, if n is {12, 3, 7, 56, 4}, it is modified to % l = {1 , 2, 3 ; 7, 5, 6, 4} to define the order of 
text blocks A1 -A7. 

The final order % l thus provides the solution for the problem of identifying the order of text blocks in a page. 
As set forth in Eq. 5, the precedence functions f(Ai,Aj), i^j, i = 1-k, j = 1-k are calculated based on values K| 0C (Ai, 
30 Aj), K djf (Ai, Aj), and K sep (Ai,Aj) for k text regions. 

A row preference or column preference can be selected. If row preference is selected, then text region ordering 
favors ordering in the X direction. If column preference is selected, the text region ordering favors ordering in the Y 
direction. For regions A1=(T1 ,B1 ,L1 ,R1 ) and A2=(T2,B2,L2,R2), the component K )oc , which has a value that is de- 
pendent upon the relative coordinates of regions A1 and A2, is calculated differently for row and column preferences. 
35 Since K| OC is dependent on the relative locations of A1 and A2, K !oc (A1,A2) is calculated differently than K| OC (A2,A1), 
with K| OC (A1,A2) used to calculate f(A1,A2) and K !oc (A2,A1) used to calculate f(A2,A1). Generally, because one text 
region will come before the other region, f(A1 ,A2) is usually not equal to f(A2, A1 ) due to the differences in calculating 
K| OC (A1 ; A2) and K| OC (A2 ; A1). The calculation of K, oc (A1 ,A2) or K !oc (A2,A1) is set forth below for three possible cases. 
Since by definition two separate regions do not overlap each other, the case where min(R1 ,R2) > max(L1 ,L2) and min 
40 (B1 , B2) > max(T1 ,T2) is not possible and thus not considered. 

In a first case, the text regions A1 and A2 do not overlap either in the X or Y axis and A1 is to the left of and below 
A2; that is, R1<L2 and T1>B2. 

In this case, if column preference is selected, the value K, oc is defined as: 

K hc (A1,A2) = Q1 * \CntrX(A1) - CntrX(A2)\, (Eq. 10) 



where Q1 is a tunable parameter with a default value of 1 ; and 

50 

K hc (A2,A1) = Q2* \A1,A2\, (Eq. 11) 



where Q2 is a tunable parameter with default value 2. 

Thus K bc (A1 , A2) has a smaller value than K| OC (A2,A1 ), which tends to favor A1 over A2, which is consistent with the 
selected column preference. 

In the first case ; if row preference is selected, the value K bc is defined as: 
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K lQC (A1,A2) = Q3 * \A1,A2\, (Eq. 12) 

where Q3 is a tunable parameter with default value 4, and 

K, oc (A2,A1) = Q4 * \A1,A2\., (Eq. 13) 

where Q4 is a tunable with default value 1 . K )oc (A1 ,A2) has a larger value than K| OC (A2,A1 ), which tends to favor A2 
over A1 if row preference is selected in the first case. 

In a second case, the boundaries of the text regions A1 and A2 do not overlap in the X axis but overlap in the Y 
axis and the region A1 is to the left of region A2; that is, R1 < L2 and T1 < B2. 

In this case, if column preference is selected, the value K bc is defined as: 

K hc (A1,A2) = Q1 * \CntrX(A1) - CntrX(A2)\, (Eq. 14) 

and 

K toG (A2 t A1)= M1, (Eq. 15) 

where M1 is a large value, which can be set to 

M1 = 10 * max..\Ai,Aj\. (Eq. 16) 

y 

M1 is thus defined as ten times the maximum possible distance between any two text regions in a considered part 
of the page. Generally, this heavily favors A1 over A2 in the calculation of K bc . 
In the second case, if row preference is selected, the value K bc is defined as: 

K foc (A1,A2) = Q4 * \A1,A2\, and (Eq. 17) 

K lQC (A2,A1)= M1, (Eq. 18) 

where Q4 is tunable with a default value of 1 . Again, A1 is generally heavily favored over A2. 

In a third case, the boundaries of the text regions do not overlap in the Y axis but overlap in the X axis and A1 is 
located above A2; that is, B1 < T2 and min(R1 ,R2) > max(L1 ,L2). 

In this case, for both column and row preferences; the value K| OC is defined as: 

K lQC {A1,A2) = Q5 * IA1,A2I, and (Eq. 19) 

K loc (A2,A1)=M1, (Eq.20) 

where Q5 is a tunable parameter with a default value 1 . These calculations generally heavily favor A1 over A2. 
The function K dif (A1,A2) is defined as 

K dif (Al,A2) - Q6 * iw 1 + m 2 ) ,„ o , 

* (|s, - s 2 \ + |i x - 1 2 \), Uq - 21) 



where nrij isthenumberof text lines in region Ai, Sj isthetext point sizefor region Ai, lj is the distance between consecutive 
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lines in Ai, and Q6 is a tunable parameter (default value is 1 0). In effect, Sj and lj represent the height (in the Y direction) 
of a line. K dif (A2,A1) is equal to K dif (A1 ,A2). 

The function K sep (A1,A2) is defined relative to a separator (non-text region) B and is calculated in terms of a 
horizontal extrusion parameter E hor (A,B) and a vertical extrusion parameter E vert (A,B). For a text region A and separator 
B, the horizontal extrusion parameter E hor (A,B) is defined as 

E hoI {A, B) = max [Lft {A) - Lft (B) , Rgt(B) - Rgt (A) ) / 

[Rgt(A) - Lft (A) ] , 

if [Lft(B) < Lft {A) and Rgt (B) > Lft (A)] 

or [Rgt(B) > (Rgt(A) andLft(B) <Rgt{A)]; 

0, otherwise; 



(Eq. 22) 



Thus, E hor (A,B) is greater than zero if either of the left or right edges of the text region A falls within the range defined 
by the left and right edges of the separator B. 

Similarly, a vertical extrusion parameter E vert (A,B) is defined as 

E vext (A,B) = maxlTopU) - Top(B) , Bot(B) - Sot (A)] / 

[Bot(A) - Top(A) ] , 
if [ Top {B) < Top(A) and Bot(B) > Top{A)] 
or [Bot(B) > riot {A) and Top(B) < Bot {A) ] ; 

0, otherwise . 



(Eq. 23) 

The function K sep (A1 , A2) is defined as follows for the following two possible cases. 

In a first case, the text regions A1 , A2 are vertically disjoint; that is, the regions A1 , A2 do not overlap in the Y axis, 
defined by min(Bot(A1 ; Bot(A2)) < max(Top(A1 ),Top(A2)). In this case, 

K sep (Al,A2) = 07 - yE (Al B) (£q ^ 

where Q7 is a tunable parameter (default can be 10) and the sum X B includes all separators between A1 and A2; i.e., 

Top(B)>min(Bot(A1),Bot(A2)), and 
Bot(B)<max(Top(A1 ),Top(A2)). 

In a second case, the text regions are horizontally disjoint; that is, the regions A1 , A2 do not overlap on the X axis 
as defined by min(Rgt(A1),Rgt(A2) < max(Lft(A1 ),Lft(A2)). In this case, 
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K sep (Al,A2) = Q7 * X 3 (E vsr AAl,B) 

* E vezz (A2,B)) , (Eq " 25) 

5 

where the sum X B includes all separators between A1 and A2; i.e., 

Lft(B)>min(Rgt(A1),Rgt(A2)) > and 
Rgt(B)<max(Lft(A1 ),Lft(A2)). 

10 

Once K| OC , K djf) and K )oc are calculated for all combinations of A1 ,A2,...,Ak, the precedence functions f(Ai,Aj), i^j, 
i=l-k, j=l-k, can be constructed and used in finding the lengths of different permutations of paths P(n) to identify the 
shortest Hamiltonian path P(n). 

Referring to Fig. 10, the text capturing and ordering program may be implemented in digital electronic circuitry or 

75 in computer hardware, firmware, software, or in combinations of them, such as in a computer system. The computer 
system includes a central processing unit (CPU) 502 connected to an internal system bus 504. The storage media in 
the computer system include a main memory 506 (which can be implemented with dynamic random access memory 
devices), a hard disk drive 508 for mass storage, and a non-volatile memory (NVRAM) 510. The main memory 506 
and NVRAM 510 are connected to the bus 504, and the hard disk drive 508 is coupled to the bus 504 through a hard 

20 disk drive controller 51 2. 

Apparatus of the invention may be implemented in a computer program product tangibly embodied in a machine- 
readable storage device (such as the hard disk drive 508, main memory 506, or NVRAM 510) for execution by the 
CPU 502. Suitable processors include, by way of example, both general and special purpose microprocessors. Gen- 
erally, a processor will receive instructions and data from the read-only memory 510 and/or the main memory 506. 

25 Storage devices suitable for tangibly embodying computer programming instructions include all forms of non-volatile 
memory, including by way of example semiconductor memory devices, such as EPROM, EEPROM, and flash memory 
devices; magnetic disks such as the internal hard disk drive 508 and removable disks and diskettes 528 connected 
through a controller 526; magneto-optical disks; and CD-ROM disks. Any of the foregoing may be supplemented by, 
or incorporated in, specially-designed ASICs (application-specific integrated circuits). 

30 The computer system further includes an input-output (I/O) controller 514 connected to the bus 504 and which 

provides a keyboard interface 516 for connection to an external keyboard, a mouse interface 518 for connection to an 
external mouse or other pointer device, and a parallel port interface 520 for connection to a printer. In addition, the bus 
504 is connected to a video controller 522 which couples to an external computer monitor or display 524. Data asso- 
ciated with an image for display on a computer monitor 524 are provided over the system bus 504 by application 

35 programs to the video controller 522 through the operating system and the appropriate device driver. 

Other embodiments are within the scope of the following claims. For example, the order of the steps of the invention 
may be changed by those skilled in the art and still achieve desirable results. Different techniques can be used to 
identify an optimal path between vertices of a graph representing text blocks or regions in an image. Although specific 
equations and parameters have been disclosed to determine variables used in finding an optimal order of text blocks 

40 or regions, such equations and parameters can be changed. 



Claims 

45 1 . A computer-implemented method ordering text in an image stored in a computer, the text being grouped in multiple 
blocks, the method comprising: 

grouping the text in multiple regions; 

representing the text regions as a graph having vertices and edges; 
50 calculating an optimal Hamiltonian path through the vertices; and 

ordering the text regions according to the calculated optimal Hamiltonian path. 

2. The method of claim 1 , wherein the representing step includes: 

55 defining each text region as a vertex in a graph; 

defining edges between the vertices; and 
assigning weights to the edges. 
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3. The method of claim 2, wherein oriented pairs of edges are defined between any two vertices. 

4. The method of claim 2, further comprising: 

5 defining a graph including the vertices and edges; 

solving for a traveling salesman problem to calculate the optimal Hamiltonian path in the graph. 

5. The method of claim 2, wherein the weights assigned the edges between the vertices are based on the distance 
between corresponding text regions. 

10 

6. The method of claim 2, wherein the weights assigned the edges between vertices are based on the text charac- 
teristics of the corresponding text regions. 

7. The method of claim 6, wherein the text characteristics include font size and number of lines of text. 

15 

8. The method of claim 2, wherein the weights assigned the edges between the vertices are based on the existence 
of non-text separators between text region pairs. 

9. The method of claim 8, wherein the separators include graphical objects. 

20 

10. The method of claim 1 , further comprising: 

identifying text blocks that can be combined; and 
combining the text blocks into a text region. 

25 

11. The method of claim 1 0, wherein two text blocks can be combined if they are vertically connected. 

12. The method of claim 1 0, wherein two text blocks can be combined if they are horizontally connected. 

30 13. The method of claim 1 , further comprising: 

separating the image into independent parts, each part containing its own set of text regions; and 
performing the grouping, representing, calculating, and ordering on the set of text regions on each part inde- 
pendently. 

35 

1 4. The method of claim 1 3, wherein the image is separated by identifying predetermined types of non-text separators. 

15. The method of claim 1 3, further comprising: 

concatenating orders of text regions identified for the different parts. 

40 

1 6. A program residing on a computer-readable medium for ordering text in an image stored in a computer, the program 
comprising instructions for causing the computer to: 

group the text in multiple regions; 
45 represent the text regions as a graph having vertices and edges; 

calculate an optimal Hamiltonian path through the vertices; and 

order the text regions according to the calculated optimal Hamiltonian path. 

17. The program of claim 16, wherein the representing includes: 

50 

defining each text region as a vertex in a graph; 
defining edges between the vertices; and 
assigning weights to the edges. 

55 18. The program of claim 17, wherein the weights assigned the edges between the vertices are based on the distance 
between corresponding text blocks and the characteristics of each block. 

19. The program of claim 18, wherein the weights assigned the edges between the vertices are further based on the 
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existence of separators between the text block pairs. 

20. The program claim 16, wherein the program comprises instructions for further causing the computer to: 

identify blocks of text that can be combined; and 
combine the text blocks into a text region. 

21. The program of claim 16, wherein the program comprises instructions for further causing the computer to: 

separate the image into independent parts; and 

perform the grouping, representing, calculating, and ordering on each part. 

22. The program of claim 21 , wherein the program comprises instructions for further causing the computer to concate- 
nate orders of text regions identified for the different parts. 

23. Apparatus for recognizing text in an image, comprising: 

a storage medium to store the image; and 

a processor operatively coupled to the storage medium and configured to: 
group the text in multiple regions; 

represent the text regions in a graph having vertices and edges; 
calculate an optimal Hamiltonian path through the vertices; and 
order the text regions according to the calculated optimal Hamiltonian path. 

24. The apparatus of claim 23, wherein the representing includes: 

defining each text block as a vertex in a graph; 
defining edges between the vertices; and 
assigning weights to the edges. 

25. The apparatus of claim 24, wherein the weights assigned the edges between the vertices are based on the distance 
between any two text regions. 

26. The apparatus of claim 25, wherein the weights assigned the edges between the vertices are further based on the 
existence of separators between the text block pairs. 

27. A method implemented in a computer for ordering text in an image stored int he computer, the method comprising: 

identifying a set of text blocks; 

separating the set of text blocks into independent subsets of text blocks; 
representing the text blocks as vertices in a graph in each subset; 
defining directed edges between vertices in each subset; 
finding an optimal Hamiltonian path through the graph in each subset; 

determining the order of the text blocks in each subset based on the optimal Hamiltonian path; and 
combining the orders of text blocks in the subsets into a final order. 
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